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(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid knocking and 
combustion instability, and expand an operation 
range by compression self-ignition combustion to the 
high load side. 

SOLUTION: A combustion pattern judging part 2 
judges in which combustion method of compression 
self-ignition combustion and spark ignition 
combustion operation is performed according to an 
operation condition. A spark ignition combustion 
control part 3 controls a combustion parameter at 
spark ignition combustion operation time, and a self- 
ignition combustion control part 4 controls a 
combustion parameter at compression self-ignition 
combustion operation time. A prereaction detecting 

part 5 detects prereaction of combustion at compression self-ignition combustion operation 
time on the basis of a detecting signal of a cylinder internal pressure sensor 18, and a fuel 
injection controP part 6 controls a fuel injection quantity or the fuel injection timing 
according to prereaction time detected by the prereaction detecting part 5 to set the 
combustion timing as the target timing. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] . . . 

[Claim 1] Have in a cylinder fuel direct injection equipment which injects a direct fuel, ana 
compressed self-ignition combustion and jump-spark-ignition combustion are set to a switchable 
internal combustion engine according to a service condition. A pressure detection means to detect 
cylinder internal pressure, and an ignition stage prediction means to predict an ignition stage based 
on the cylinder internal pressure which this pressure detection means detected, The combustion 
control system of the internal combustion engine characterized by having the fuel-injection control 
means which changes fuel oil consumption or fuel injection timing according to the ignition stage 
which this ignition stage prediction means predicted. [ / near the compression top dead center ] 
[Claim 2] Have in a cylinder fuel direct injection equipment which injects a direct fuel, and 
compressed self-ignition combustion and jump-spark-ignition combustion are set to a switchable 
internal combustion engine according to a service condition. While performing at least one fuel 
injection near the compression top dead center at the time of a pressure detection means to detect 
cylinder internal pressure, and compressed self-ignition combustion operation The combustion 
control system of the internal combustion engine characterized by having the fuel-injection control 
means which changes the fuel oil consumption or fuel injection timing near the compression top 
dead center of this cycle according to the cylinder internal pressure which said pressure detection 
means detected before the fuel injection timing near [ said ] the compression top dead center. 
[Claim 3] It has a reaction detection means beforehand, the cylinder internal pressure which said 
pressure detection means detected - being based - a fuel - a reaction stage is detected beforehand - 
said mel-injection-timing control means Perform fuel injection in 2 steps into 1 cycle, and it carries 
out at the stage which carried out the tooth lead angle of the 1st fuel injection from the compression 
top dead center. The combustion control system of the internal combustion engine accordmg to 
claim 2 which performs 2nd fuel injection near the compression top dead center, and is characterized 
by said thing [ changing the 2nd fuel oil consumption or fuel injection timing accordmg to a reaction 
stage beforehand ] to which the reaction detection means detected beforehand. 
[Claim 4] The combustion control system of the internal combustion engine according to claim 2 or 

3 characterized by having the good fluctuation valve gear which can change the closing motion stage 
of an induction-exhaust valve so that it may have the sealing period which both the inlet valve and 
the exhaust valve have closed near the exhaust air top dead center, performing fuel injection in 2 
steps into 1 cycle, and performing 1 st fuel injection during said sealing period. 

[Claim 5] The combustion control system of the internal combustion engine according to claim 3 or 

4 characterized by carrying out the amount part lag of amendments of the 2nd fuel injection timing, 
or decreasing the quantity of fuel oil consumption by the amount of amendments when the amount 
part tooth lead angle of amendments of the 2nd fuel injection timing is carried out, or the quantity of 
fuel oil consumption is increased by the amount of amendments when [ said / which the reaction 
detection means detected beforehand ] the reaction stage has carried out the lag more nearly 
beforehand than the set point, and the reaction stage has carried out the tooth lead angle more nearly 
beforehand than the set point. . 
[Claim 6] The combustion control system of the internal combustion engine according to claim 5 
characterized by enlarging the amount of amendments which amends the fuel injection timing or fuel 
oil consumption near [ said ] a compression top dead center, so that it has a combustion stage 
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calculation means to compute a target combustion stage according to a service condition and the 
computed target combustion stage is carrying out the lag from the compression top dead center. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By starting the internal combustion engine which can switch jump-spark- 
ignition combustion and compressed self-ignition combustion according to a service condition, 
especially optimizing 1 time or 2 times of fuel injection timing at the time of compressed self- 
ignition combustion, this invention stabilizes a combustion stage and relates to the combustion 
control system of the internal combustion engine which performs compressed self-ignition 
combustion by the large operating range. 
[0002] 

[Description of the Prior Art] In order to improve the thermal efficiency of a gasoline engine, while 
reducing a pumping loss by Lean-izing gaseous mixture, the technique of enlarging the ratio of 
specific beat of working medium, and improving a theoretical thermal efficiency is known. 
However, with the conventional jump-spark-ignition engine, if an air- fuel ratio is Lean-ized, a 
combustion period will delay and combustion stability will get worse. For this reason, there is a 
limitation in Lean-ization of an air-fuel ratio. 

[0003] The cycle engine which premixing compressed self-ignition combustion is made to cause as it 
considers as the technique which Lean-izes an air-fuel ratio and is in JP,7-71279,A is indicated like 2 
line, avoiding aggravation of such combustion stability. In premixing compressed self-ignition 
combustion, since a combustion reaction occurs from two or more locations of a combustion 
chamber, when an air- fuel ratio Lean-izes, the combustion stabilized also in the Lean air-fuel ratio is 
attained, without a combustion period delaying compared with jump spark ignition. Moreover, 
combustion temperature falls for Lean and an air-fuel ratio can also reduce NOx sharply. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the 1st conventional example, since [ usual ] 
about two lines was considered as the cycle engine configuration, there are no intake valve and 
exhaust air bulb which control a gas exchange, the blow by of a unburnt gas occurred, and fuel 
consumption was getting worse. Moreover, since it consisted of the need of performing a gas 
exchange like the expansion exhaust air line which exhausts in the second half like an expansion line 
and work by expansion of combustion gas was not fully able to be taken out, there was a trouble that 
heavy load operation was difficult. 

[0005] On the other hand, self-ignition combustion is strongly influenced of an air-fuel ratio. For 
example, when heavy load operation is considered and an air-fuel ratio is made deep, the fuel 
quantity which causes a combustion reaction increases, combustion becomes intense, and knocking 
is caused. For this reason, the trouble [ count / of combustion ] that one usual operation according to 
self-ignition combustion with a heavy load with a cycle engine about four lines was difficult was in 
two rotations. 

[0006] In order to expand the load range where knocking is avoided and compressed self-ignition 
combustion is materialized, it is effective to carry out the lag of the combustion stage from a 
compression top dead center. If the lag of the combustion stage is carried out, since combustion will 
be performed at the time of piston descent, cylinder internal pressure [dP/dR/C theta] max leading to 
knocking can be reduced. 

[0007] However, since the time amount to which the pressure in a cylinder and temperature are kept 
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high decreases when the lag of the combustion stage is carried out, the robustness over the cycle 
variation of the excess air factor lambda in a cylinder and temperature falls, and there is a trouble 
that combustion becomes unstable. 

[0008] For example, although residual EGR gas is influenced of the combustion condition of a front 
cycle, when the temperature of residual EGR gas changes, the temperature in the cylinder of degree 
cycle will also change. Therefore, when the stability of combustion was considered, it was difficult 
to fully carry out the lag of the combustion stage from a compression top dead center. 
[0009] As 2nd conventional technique, as it is in JP,7-217478,A, the fuel injection equipment of the 
injection type spark-ignition engine in a cylinder which supplies a fuel in a cylinder in 2 steps into 1 
cycle is indicated. This conventional example supplies the fuel in 2 steps, in order to avoid a spark- 
ignition engine's knocking. However, in the 2nd conventional example, control of fuel injection 
timing is omitted in consideration of lambda in a cylinder, and the cycle variation of a temperature 
condition. Therefore, since the stability of combustion got worse as mentioned above when this is 
applied to compressed self-ignition combustion, heavy load operation was difficult. 
[0010] This invention is what took the example by this trouble, and the purpose is offering the 
combustion control system of the internal combustion engine which can expand the operating range 
by compressed self-ignition combustion to a heavy load side, avoiding knocking and combustion 
instability. 

[001 1] Moreover, the purpose of this invention expands the operating range by compressed self- 
ignition combustion, and improves fuel consumption and emission, and thermal efficiency is to offer 
a clean high internal combustion engine. 
[0012] 

[Means for Solving the Problem] In order that invention according to claim 1 may solve said 
technical problem, it is equipped with the fuel direct injection equipment which injects a direct fuel 
in a cylinder, and sets compressed self-ignition combustion and jump-spark-ignition combustion to a 
switchable internal combustion engine according to a service condition. A pressure detection means 
to detect cylinder internal pressure, and an ignition stage prediction means to predict an ignition 
stage based on the cylinder internal pressure which this pressure detection means detected, Let it be a 
summary to have had the fuel-injection control means which changes fuel oil consumption or fuel 
injection timing according to the ignition stage which this ignition stage prediction means predicted. 
[ / near the compression top dead center ] 

[0013] In order that invention according to claim 2 may solve said technical problem, it is equipped 
with the fuel direct injection equipment which injects a direct fuel in a cylinder, and sets compressed 
self-ignition combustion and jump-spark-ignition combustion to a switchable internal combustion 
engine according to a service condition. While performing at least one fuel injection near the 
compression top dead center at the time of a pressure detection means to detect cylinder internal 
pressure, and compressed self-ignition combustion operation Let it be a summary to have had the 
fuel-injection control means which changes the fuel oil consumption or fuel injection timing near the 
compression top dead center of this cycle according to the cylinder internal pressure which said 
pressure detection means detected before the fuel injection timing near [ said ] the compression top 
dead center. 

[0014] Invention according to claim 3 is set to the combustion control system of an internal 
combustion engine according to claim 2 in order to solve said technical problem. It has a reaction 
detection means beforehand, the cylinder internal pressure which said pressure detection means 
detected — being based — a fuel — a reaction stage is detected beforehand — said fuel-injection 
control means Perform fuel injection in 2 steps into 1 cycle, and it carries out at the stage which 
carried out the tooth lead angle of the 1st fuel injection from the compression top dead center. 2nd 
fuel injection is performed near the compression top dead center, and let beforehand said thing 
[ changing the 2nd fuel oil consumption or fuel injection timing ] to which the reaction detection 
means detected beforehand be a summary according to a reaction stage. 

[0015] Invention according to claim 4 makes it a summary to have the good fluctuation valve gear 
which can change the closing motion stage of an induction-exhaust valve so that it may have the 
sealing period which both the inlet valve and the exhaust valve have closed near the exhaust air top 
dead center, to perform fuel injection in 2 steps into 1 cycle, and to perform 1st fuel injection during 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 4/12/2006 



JP,2001-207889,A [DETAILED DESCRIPTION] 



Page 3 of 10 



said sealing period in the combustion control system of an internal combustion engine according to 
claim 2 or 3 in order to solve said technical problem. 

[0016] Invention according to claim 5 is set to the combustion control system of an internal 
combustion engine according to claim 3 or 4 in order to solve said technical problem. When [ said / 
which the reaction detection means detected beforehand ] the reaction stage has carried out the lag 
more nearly beforehand than the set point, carry out the amount part tooth lead angle of amendments 
of the 2nd fuel injection timing, or the quantity of fuel oil consumption is increased by the amount of 
amendments. When the reaction stage has carried out the tooth lead angle more nearly beforehand 
than the set point, let it be a summary to carry out the amount part lag of amendments of the 2nd fuel 
injection timing, or to decrease the quantity of fuel oil consumption by the amount of amendments. 
[0017] Invention according to claim 6 makes it a summary to enlarge the amount of amendments 
which amends the fuel injection timing or fuel oil consumption near [ said ] a compression top dead 
center, so that it has a target combustion stage calculation means to compute a target combustion 
stage according to a service condition and the computed target combustion stage is carrying out the 
lag from the compression top dead center in the combustion control system of an internal 
combustion engine according to claim 5, in order to solve said technical problem. 
[0018] 

[Effect of the Invention] According to this invention according to claim 1, have in a cylinder fuel 
direct injection equipment which injects a direct fuel, and compressed self-ignition combustion and 
jump-spark-ignition combustion are set to a switchable internal combustion engine according to a 
service condition. A pressure detection means to detect cylinder internal pressure, and an ignition 
stage prediction means to predict an ignition stage based on the cylinder internal pressure which this 
pressure detection means detected, By having had the fuel-injection control means which changes 
fuel oil consumption or fuel injection timing according to the ignition stage which this ignition stage 
prediction means predicted [ / near the compression top dead center ] Even if there is cycle variation 
by the external environment or the engine change of state irrespective of the count of fuel injection, a 
combustion stage can be stabilized, in a heavy load operating range, compressed self-ignition 
operation, i.e., efficient and clean operation, is attained, and fuel consumption and emission can be 
improved. 

[0019] According to this invention according to claim 2, have in a cylinder fuel direct injection 
equipment which injects a direct fuel, and compressed self-ignition combustion and jump-spark- 
ignition combustion are set to a switchable internal combustion engine according to a service 
condition. While performing at least one fuel injection near the compression top dead center at the 
time of a pressure detection means to detect cylinder internal pressure, and compressed self-ignition 
combustion operation Since the fuel oil consumption or fuel injection timing near the compression 
top dead center whose fuel-injection control means is this cycle was changed according to the 
cylinder internal pressure which said pressure detection means detected before the fuel injection 
timing near [ said ] the compression top dead center It becomes possible to control the combustion 
stage of each cycle the optimal so that a target stage always comes. Knocking and combustion 
stability aggravation are prevented, compressed self-ignition operation, i.e., efficient and clean 
operation, is attained more in a heavy load operating range, and it is effective in fuel consumption 
and emission being improvable. 

[0020] According to this invention according to claim 3, it adds to an effect of the invention 
according to claim 2. It has a reaction detection means beforehand, the cylinder internal pressure 
which said pressure detection means detected — being based — a fuel — a reaction stage is detected 
beforehand — said fuel-injection control means Perform fuel injection in 2 steps into 1 cycle, and it 
carries out at the stage which carried out the tooth lead angle of the 1st fuel injection from the 
compression top dead center, the 2nd fuel injection — a near compression top dead center — carrying 
out — said — the reaction detection means detected beforehand, since the 2nd fuel oil consumption or 
fuel injection timing was beforehand changed according to the reaction stage It becomes possible to 
predict change of the combustion stage to cycle variation with a sufficient precision. The further lag 
of a combustion stage can be realized, compressed self-ignition operation, i.e., efficient and clean 
operation, is attained more in a heavy load operating range, and it is effective in fuel consumption 
and emission being further improvable. 
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[0021] According to this invention according to claim 4, it adds to an effect of the invention 
according to claim 2 or 3. It has the good fluctuation valve gear which can change the closing motion 
stage of an induction-exhaust valve so that it may have the sealing period which both the inlet valve 
and the exhaust valve have closed near the exhaust air top dead center. Since fuel injection is 
performed in 2 steps into 1 cycle and it was made to perform 1st fuel injection during said sealing 
period, reforming of the fuel injected to the 1st time for the elevated-temperature high pressure by 
the compression during a sealing period progresses, and an unburnt fuel can be reduced further. 
Moreover, in order that [ of the fuel injected to the 1st time ] a reaction stage may carry out a tooth 
lead angle beforehand, control of a combustion stage becomes easier. 
[0022] According to this invention according to claim 5, it adds to an effect of the invention 
according to claim 3 or 4. When [ said / which the reaction detection means detected beforehand ] 
the reaction stage has carried out the lag more nearly beforehand than the set point, carry out the 
amount part tooth lead angle of amendments of the 2nd fuel injection timing, or the quantity of fuel 
oil consumption is increased by the amount of amendments. Since the amount part lag of 
amendments of the 2nd fuel injection timing is carried out or the quantity of fuel oil consumption 
was decreased by the amount of amendments when the reaction stage had carried out the tooth lead 
angle more nearly beforehand than the set point It writes enlarging the specified quantity which 
carries out combustion stage amendment by controlling the fuel injection timing near a compression 
top dead center when variation occurs in progress of a reaction beforehand by the cycle variation of 
the condition in a cylinder. Heavy load operation is aimed at, it becomes possible to fully carry out 
the lag of the combustion stage from a compression top dead center, compressed self-ignition 
operation, i.e., efficient and clean operation, is attained in a heavy load operating range, and fuel 
consumption and emission can be improved. 

[0023] According to this invention according to claim 6, it adds to an effect of the invention 
according to claim 5. It has a target combustion stage calculation means to compute a target 
combustion stage according to a service condition. Since it was made to enlarge the amount of 
amendments which amends the fuel injection timing or fuel oil consumption near [ said ] a 
compression top dead center so that the computed target combustion stage was carrying out the lag 
from the compression top dead center The amount of amendments can be changed now according to 
a target combustion stage, and it is effective in the ability to perform more exact combustion stage 
control. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on a drawing. Drawing 1 is the system configuration Fig. showing the configuration of the 1st 
operation gestalt which applied the combustion control system of the internal combustion engine 
concerning this invention to the gasoline engine. 

[0025] In this operation gestalt, it is switchable in compressed self-ignition combustion and jump- 
spark-ignition combustion according to a service condition. A reaction stage is detected beforehand 
and it is the description to stabilize combustion at the time of heavy load operation of the fuel which 
furthermore injected the fuel in 2 steps at the time of compressed self-ignition combustion, and was 
injected to the 1st time by detecting cylinder internal pressure which carried out the lag of the 
combustion stage by [ this / that amends the 2nd fuel injection timing according to a reaction stage 
beforehand ] having been detected. 

[0026] The engine 10 in drawing is equipped with a suction port 1 1, the exhaust air port 12, a piston 
13, an intake valve 14, the exhaust air bulb 15, the fuel injection equipment 16, the ignition plug 17, 
the cylinder internal pressure sensor 18, and the crank angle sensor 19. 

[0027] The electronic control (it abbreviates to ECU hereafter) 1 which controls this engine 10 The 
combustion pattern judging section 2 which judges whether it operates according to a service 
condition by either combustion system of compressed self-ignition combustion and jump-spark- 
ignition combustion, The jump-spark-ignition combustion control section 3 which controls the 
combustion parameter at the time of jump-spark-ignition combustion operation, The self-ignition 
combustion control section 4 which controls the combustion control parameter at the time of 
compressed self-ignition combustion operation, It has the fuel-injection control section 6 of 
combustion which detects a reaction beforehand, which the reaction detecting element 5 detected 
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beforehand with the reaction detecting element 5 and which controls fuel oil consumption or fuel 
injection timing according to a reaction stage beforehand at the time of compressed self-ignition 
combustion operation. 

[0028] In addition, although the component of ECU 1 can also constitute the reaction detecting 
element 5 and the fuel-injection control section 6 from the combustion pattern judging section 2, a 
jump-spark-ignition combustion control section 3, a self-ignition combustion control section 4, and a 
hard- wired logical circuit beforehand, it is realized as a program of a microcomputer with this 
operation gestalt. 

[0029] Moreover, based on the engine rotation signal which the crank angle sensor 19 detected, and 
the accelerator opening signal (load) which the accelerator opening sensor (not shown) detected, 
ECU1 judges a service condition and computes fuel oil consumption and ignition timing. And based 
on this calculation result, a signal is sent to a fuel injection equipment 16 and an ignition plug 17. 
[0030] In the basis of such a configuration, and this invention, while being shown in drawing 2 , 
compressed self-ignition combustion is performed in the specific service condition below the number 
of low loading and middle turns, and jump-spark-ignition combustion is performed in a heavy load 
or a high rotational frequency region. 

[0031] Next, actuation of this operation gestalt is explained. Drawing 3 shows the range where the 
self-ignition combustion to an air-fuel ratio is materialized. If the air-fuel ratio is made into Lean, 
combustion stability will get worse and an engine's torque fluctuation will become large. For this 
reason, a design value or the air-fuel ratio AFL from which the stability limitation which carries this 
internal combustion engine and can be permitted as character of a car etc. serves as the stability 
threshold value Sth serves as the Lean limitation as an internal combustion engine. 
[0032] On the other hand, if the air- fuel ratio is made rich, knocking reinforcement will increase. 
Thereby, the air-fuel ratio AFR in the knocking limitation Nth serves as a rich limitation. Therefore, 
the stability limitation AFL and the air-fuel ratio field surrounded with the knocking marginal air- 
fuel ratio AFR serve as self-ignition combustion formation range. Thus, self-ignition is materialized 
only in the limited air- fuel ratio range. In addition, air-fuel ratio A/F was explained to the example as 
an index which shows the rate of gas and a fuel here. The same inclination is shown also about the 
case where residual gas or EGR gas is contained, and an axis of abscissa serves as the total capacity 
and fuel quantity rate G/F which doubled the burnt gas with new mind in this case. 
[0033] Therefore, the compressed self-ignition combustion operating range in the conventional 
technique is shown in drawing 4 . As shown in drawing, in the conventional technique, the 
compressed self-ignition combustion operating range has stopped at the very narrow range. 
[0034] The cylinder internal pressure at the time of changing a combustion stage to drawing 5 and 
the combustion wave form of heat release are shown. The wave of a continuous line is a wave by the 
combustion stage just behind a compression top dead center, and the wave of a broken line is a wave 
which carried out the lag of the combustion stage from the compression top dead center. If the lag of 
the combustion stage is carried out, change of cylinder internal pressure will become loose. Since 
combustion is performed at the time of piston descent, this is because increase of volume of 
combustion chamber negates a part of pressure buildup by combustion temperature and pressure 
variation is controlled. 

[0035] [dP/dmaximum theta] max and thermal efficiency of cylinder internal pressure rate of change 
per crank angle at the time of changing a combustion stage to drawing 6 are shown. A combustion 
stage serves as max just before a compression top dead center, and said [dP/dmaximum theta] max 
reduces the maximum of the cylinder internal pressure rate of change used as the scale of the ease of 
generating of knocking as it carries out the lag of the combustion stage from a compression top dead 
center, moreover — if thermal efficiency carries out the lag of the combustion stage from a 
compression top dead center, although it gets worse — extent of aggravation when there are few 
amounts of lags — it is very loose. 

[0036] This is for a firing pressure and temperature to fall and for a cooling loss to fall, although 
time amount loss increases by the fall of whenever [ isochore ]. That is, since time amount loss and a 
cooling loss offset each other, even if it carries out the lag of the combustion stage, thermal 
efficiency does not get worse. Therefore, in order to fall [dP/dmaximum theta] max of said cylinder 
internal pressure rate of change leading to knocking and to expand the operating range of 
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compressed self-ignition combustion to a heavy load side, it is advantageous to carry out the lag of 
the combustion stage to extent to which thermal efficiency does not fall. 

[0037] As mentioned above, since it is influenced of residual EGR gas, the temperature in a cylinder 
differs slightly for every combustion cycle. The combustion wave form when whenever [ cylinder 
internal temperature ] changes to drawing 7 is shown. As shown in drawing 7 (a), when a 
combustion stage is near a compression top dead center and cycle variation occurs in whenever 
[ cylinder internal temperature ], the combustion wave form is stable. 

[0038] On the other hand, when the lag of the combustion stage is carried out, and cycle variation 
occurs in whenever [ cylinder internal temperature ], a combustion wave form will change [ as 
shown in drawing 7 (b), ] a lot. If this carries out the lag of the combustion stage, it shows that 
stability gets worse. That is, in order to carry out the lag of the combustion stage, it is necessary to 
improve the robustness (robustness) over cycle variations, such as whenever [ cylinder internal 
temperature ]. 

[0039] With the 1st operation gestalt, the fuel is injected in 2 steps. By injecting a fuel in 2 steps, the 
fuel started combustion at once, and became rapid combustion, and it has prevented that knocking 
occurs. The tooth lead angle of the 1st fuel injection timing is carried out more nearly enough [ than 
a compression top dead center ]. 2nd fuel injection timing is made into near a compression top dead 
center, and is controlling the ignition stage by controlling this 2nd fuel oil consumption or fuel 
injection timing. 

[0040] Since combustion of a gasoline is a low-temperature-oxidation reaction, after [ which can do 
an intermediate product ] going through a reaction beforehand, it results in the thermal flame which 
is final oxidation reaction. It mixes with oxygen and the fuel injected in the cylinder runs said 
reaction. If whenever [ progress / of a reaction ] is beforehand seen at this time, the initiation stage of 
self-ignition combustion can be predicted. That is, the robustness over variations, such as whenever 
[ cylinder internal temperature ], can be improved by [ of the fuel injected by the 1st time ] detecting 
the stage of a reaction beforehand and amending the 2nd fuel injection timing according to the result. 

[0041] Drawing 8 shows the control approach of the fuel injection timing in this operation gestalt, 
and shows a fuel-injection pulse signal and heat release on the same time-axis. The drawing solid 
line A shows a usual fuel-injection pulse signal and the usual usual heat release. A broken line B 
shows a fuel-injection pulse and heat release when whenever [ cylinder internal temperature ] falls 
by a certain reason, when not performing control by this invention. An alternate long and short dash 
line C shows the fuel-injection pulse and heat release at the time of a fall whenever [ under control of 
ECU of this operation gestalt / cylinder internal temperature ]. 

[0042] If a reaction begins [ the fuel which was injected by the 1st time in any case ] beforehand, 
cylinder internal pressure will rise beforehand for generation of heat by the reaction. The cylinder 
internal pressure sensor 18 detects this cylinder internal pressure change, the reaction detecting 
element 5 detected and detected the reaction stage beforehand from change of this cylinder internal 
pressure sensor signal — beforehand — a reaction stage — ******-- it can judge [ in which the 
anticipation combustion stage is carrying out the tooth lead angle how much than a target 
combustion stage / or or ] whether the lag is carried out by comparing a reaction stage. If the lag of 
the fuel injection timing of the 2nd time will be carried out if the anticipation combustion stage is 
carrying out the tooth lead angle, and the anticipation combustion stage is carrying out the lag by this 
judgment, the fuel-injection control section 6 will control to carry out the tooth lead angle of the 2nd 
fuel injection timing. Thereby, a combustion stage is controllable as a target to be shown in the 
alternate long and short dash line C of drawing 8 . 

[0043] In addition, although it is controllable at the combustion stage as a target even if it replaces 
with the tooth lead angle of the 2nd fuel injection timing, it replaces with with a fuel oil consumption 
[ 2nd ] increase in quantity or the lag of the 2nd fuel injection timing as control of the fuel-injection 
control section 6 and it decreases the quantity of the 2nd fuel oil consumption, there is a fault 
accompanied by some fuel consumption aggravation and torque fluctuation. 
[0044] Next, the control flow of this operation gestalt is explained to a detail with reference to the 
flow chart of drawing 9 . Rough actuation of drawing 9 is explained first. A service condition is 
judged and it branches to jump-spark-ignition combustion and compressed self-ignition combustion. 
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the fuel which detected cylinder internal pressure after the 1st fuel injection, and was injected by the 
1st time in the operating range of compressed self-ignition combustion based on change of this 
cylinder internal pressure ~ a reaction stage is judged beforehand. And if the lag of the 2nd fuel 
injection timing will be carried out if the reaction stage has carried out the tooth lead angle 
beforehand compared with the predetermined stage, and the reaction stage has carried out the lag 
beforehand, the tooth lead angle of the 2nd fuel injection timing will be carried out. Thereby, the 
optimal compressed self-ignition stage is obtained. 

[0045] In drawing 9 , first, an accelerator opening signal and a crank angle signal are detected at step 
10 (a step is hereafter abbreviated to S), and an engine speed and a load are computed by SI 1. 
Subsequently, with reference to a map like drawing 2 memorized beforehand, a combustion 
condition is judged from an engine speed and a load by S12. 

[0046] When a combustion condition judges it as jump-spark-ignition combustion, it progresses to 
SI 3, and control of jump-spark-ignition combustion is started. When it is judged as self-ignition 
combustion, it progresses to S 14 and control of compressed self-ignition combustion is started. 
Subsequently, first fuel injection is performed at the stage which carried out the tooth lead angle 
from the compression top dead center by SI 5. Subsequently, a cylinder internal pressure sensor (sign 
18 of drawing 1 ) detects cylinder internal pressure by S16. The reaction detecting element 5 
computes the amount of heat release based on cylinder internal pressure beforehand by SI 7, and the 
reaction stage CT is computed beforehand. Subsequently, the 2nd fuel injection timing IT 2 is called 
in from the map of drawing 10 by SI 8. 

[0047] Subsequently, the validity of a reaction stage is beforehand judged by S19. that is, a map as 
shown in drawing 1 1 is searched, and it is obtained - ****** - the reaction stage CT is compared 
beforehand, CT is carrying out the tooth lead angle to CTA, or having been computed judges 
whether it is almost equal or the lag is carried out to be the reaction stage CTA, and this judgment 
result amends the 2nd fuel injection timing. 

[0048] for example, ~ beforehand - the reaction stage CT ~ ****** ~ since the reaction stage has 
carried out the tooth lead angle beforehand in being smaller than reaction stage CTA-alpha (for 
example, alpha= 1), it branches to S20 and the lag of the 2nd fuel injection timing IT 2 is earned out 
toIT2+beta. . 

[0049] beforehand - the reaction stage CT - ****** - since the reaction stage has earned out fee 
lag beforehand in being larger than reaction stage CTA+alpha (for example, alpha= 1), it branches to 
S21 and the tooth lead angle of the 2nd fuel injection timing IT 2 is carried out to IT2-beta. hi CTA- 
alpha<=CT<=CTA+alpha, adjustment of the 2nd fuel injection timing is not performed, but it moves 
to it S22. And it carries out at the stage which amended the 2nd fuel injection by S22. 
[0050] Drawing 10 is the map of the 2nd fuel injection timing IT 2 of the criterion by the engine 
speed and the load. Since the relative time amount for evaporation of the fuel injected by the 2nd 
time or reforming becomes short, the tooth lead angle of the fuel injection timing is earned out as an 
engine speed becomes high. Since fuel oil consumption decreases and lighting becomes difficult as a 
load becomes small, the tooth lead angle of the fuel injection timing is carried out. 
[0051] drawing 1 1 - ****** - it is the map of the reaction stage CTA. an engine speed becomes 
high - since it is alike, and it follows and the relative time amount for the chemical reaction of 
combustion becomes short - ****** - the tooth lead angle of the reaction stage is carried out. a 
load becomes small ~ since it is alike, and it follows, fuel oil consumption decreases and lighting 
becomes difficult ~ ****** - the tooth lead angle of the reaction stage is carried out. 
[0052] Drawing 12 shows the compressed self-ignition range of inflammability of this operation 
gestalt by the service condition, and the conventional compressed self-ignition range of 
inflammability. As shown in drawing, compared with the conventional example, the range of 
compressed self-ignition combustion is sharply expandable to a heavy load side with this operation 

gestalt. . 
[0053] Next, the 2nd operation gestalt of this invention is explained. Drawing 13 is the system 
configuration Fig. showing the configuration of the 2nd operation gestalt of the combustion control 
system of the internal combustion engine concerning this invention. Although the configuration of 
the 2nd operation gestalt is the same as the configuration of the 1st operation gestalt shown in 
drawing 1 almost, having added the adjustable valve timing device 20 in which the valve timing of 
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an inlet valve 14 and an exhaust valve 15 is changed, to the 1st operation gestalt differ. 
[0054] The 2nd operation gestalt is characterized by being able to switch, while operating the valve 
timing for jump-spark-ignition combustion, and the valve timing for compressed self-ignition 
combustion, and the sealing stage when both pumping bulbs have closed the exhaust air line to 
inside performing 1st fuel injection under compressed self-ignition combustion according to the 
adjustable valve timing device 20. 

[0055] In drawing 14 (a), the valve timing at the time of jump-spark-ignition combustion and a valve 
lift, and drawing 14 (b) show the fuel-injection pulse signal at the time of compressed self-ignition 
combustion, and drawing 14 (c) shows the valve timing and the valve lift at the time of compressed 
self-ignition combustion, respectively. 

[0056] At the time of compressed self-ignition combustion, the exhaust air line has closed the 
exhaust valve on the way as earlier [ than a top dead center ] as an exhaust air line. Moreover, since 
the lag of the stage which an inlet valve opens is fully carried out from the top dead center, before an 
inlet valve opens, the sealing stage which both pumping bulbs have closed exists. Both 1st fuel 
injection is performed at the sealing stage which said pumping bulb has closed, and 2nd fuel 
injection is performed near a compression top dead center. 

[0057] In order to close earlier [ an exhaust valve ] than a top dead center, the gas after the 
combustion which was not exhausted is sealed and compressed into a cylinder. The gas after the 
combustion which was an elevated temperature from the first becomes an elevated temperature 
further by this compression. If a fuel is injected in the cylinder of such an ambient atmosphere of 
elevated-temperature high pressure, reforming of a fuel will progress. Consequently, the 
ignitionability of a fuel improves and a reaction stage carries out a tooth lead angle beforehand. 
[0058] The heat release stage A of the 1st operation gestalt (continuous-line display) and the heat 
release stage B of the 2nd operation gestalt (broken-line display) are shown in drawing 15 . With this 
operation gestalt, since reforming of the fuel injected by the 1st time is progressing from the 1st 
operation gestalt, the generating stage of a reaction has carried out the tooth lead angle beforehand. 
Moreover, since the fuel injected by the 1st time is reforming and ignitionability is improving, the 
lag also of the fuel injection timing which is the 2nd time is carried out. 

[0059] Therefore, there is time amount from the detection stage of a reaction to the 2nd fuel injection 
timing beforehand, and the long operation time in ECU1 can be taken compared with the 1st 
operation gestalt. Consequently, decision of a reaction stage and control of the 2nd fuel injection 
timing can carry out with a sufficient precision beforehand. 

[0060] Moreover, since the fuel injected by the 1st time is reforming, it can reduce unburnt [ HC ]. 
The control flow of a **** 2 operation gestalt is the same as flows-of-control drawing 9 R> 9 of the 
1st operation gestalt. 

[0061] Next, the 3rd operation gestalt is explained. The configuration of the 3rd operation gestalt is 
the same as the configuration of the 1st operation gestalt shown in drawing 1 . The 3rd operation 
gestalt makes fuel injection in 1 cycle 1 time, and performs it near a compression top dead center. 
Moreover, it is characterized by performing amendment of fuel injection timing based on the 
cylinder internal pressure and temperature hysteresis to near a compression top dead center. 
[0062] With the 3rd operation gestalt, in order to inject a fuel at once, the inclination for combustion 
to tend to become rapid is shown. Therefore, it is necessary to carry out the lag of the combustion 
stage further, and to control a combustion stage with a sufficient precision. On the other hand, since 
fuel injection per 1 cycle is made into 1 time, calculation of the fuel injected is easy and control of an 
air- fuel ratio can keep precision high. 

[0063] The comparison with the heat release stage A of the 1st operation gestalt (continuous-line 
display) and the heat release stage B of the 3rd operation gestalt (broken-line display) is shown in 
drawing 16 . With the 3rd operation gestalt, since there is no fuel into a cylinder until fuel injection 
is performed near a compression top dead center, a reaction does not occur beforehand. Therefore, 
fuel injection timing near a compression top dead center cannot be beforehand amended from a 
reaction stage like the 1st operation gestalt. For this reason, with the 3rd operation gestalt, it asks for 
whenever [ cylinder internal temperature ] based on the cylinder internal pressure which the cylinder 
internal pressure sensor 18 detected with a certain sampling period, an ignition stage is predicted 
based on whenever [ cylinder internal pressure and cylinder internal temperature ], and the 
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description is to amend the fuel injection timing near a compression top dead center according to this 
predicted ignition stage. 

Fo0641 Drawing 17 shows inverse number 1 / tau of the ignition-delay time amount tau ot the 
gasoline mixture to the temperature in a constant-volume machine, and a pressure. It is shown that a 
fuel tends to be lit, so that 1/of inverse numbers tau of ignition-delay time amount is large. 
r00651 Moreover, in drawing 17 , the example of the temperature in a compression stroke and the 
hysteresis of a pressure is shown. The ignition stage of compressed self-ignition when a pressure and 
temperature change continuously can be predicted using inverse number 1 / tau of the ignition-delay 
time amount in a constant-volume machine. This is attained by integrating 1/tau and calculating 
integrall-/taudt (= it being called BP and a following ignition characteristic) according to the 
temperature in the cylinder of each cycle, and the hysteresis of a pressure. 

r0066] That is, from immediately after compression initiation, cylinder internal pressure is detected 
with a certain sampling period (deltaT), the temperature according to this pressure is computed, the 
map of drawing 17 is searched from these pressures and temperature, and it asks for 1/tau. And 
BP=integrall-/taudt and the time of sigma [(1/tau) xdeltaT] reaching ignition level (value with 1) 
in fact can be judged to be an ignition stage. 

[00671 Drawing 18 indicates heat release to be BP=integrall/taudt in each crank angle. By B to 
which whenever [ cylinder internal temperature ] fell, the value of BP is low to the usual fuel 
injection timing IT of A. Therefore, if fuel injection is performed by the IT usual m this condition, an 
ignition stage will carry out a lag and combustion will become unstable. 
[00681 On the other hand, when it judges whether predetermined judgment level is reached in a 
certain judgment stage before fuel injection timing in the value of BP and judgment level is not 
reached the case where the tooth lead angle of the fuel injection timing IT in a compression stroke is 
carried out is shown in C. Whenever [ cylinder internal temperature ] can fall, and in consideration 
of the part to which the reaction time to ignition became long, when only the amount beta of 
amendments carries out the tooth lead angle of the fuel injection timing IT, it can control to carry out 
compression ignition combustion at a target stage. ^*v,«fw 
[00691 Next, the control flow of the 3rd operation gestalt is explained with reference to the flow 
chart of drawing 19 . The rough flow of control is the same as that of drawing 9 which is the flow 
chart of the 1st operation gestalt. Different points from the 1st operation gestalt are a tooth lead 
angle, maintenance, and a point that carries out a lag about fuel injection timing in a compression 
stroke by calculation and the decision result of the ignition characteristic BP for the ignition stage 

prediction not more than S35. .... , r>u o-3< x;*. 

[00701 A cylinder internal pressure sensor detects the cylmder internal pressure P by S35. is 
computed whenever [ cylinder internal temperature ] from the cylinder internal pressure P so that it 
may mention later by S36. Subsequently, a map like drawing 17 is searched with S3 7 , for example 
from whenever [ cylinder internal pressure P and cylinder internal temperature / T ], and it asks for 
inverse number 1 / tau of the ignition-delay time amount tau. Ignition characteristic BP=integrall- 
/taudt is computed by S38. It judges whether it is the decision stage of an ignition characteristic by 
S39, and if it still is not a decision stage, it will return to S35 and the addition of the ignition 
characteristic BP will be continued. . 
r00711 If it is a decision stage, the fuel injection timing IT of a setup will be called in by S40. The 
gap with the value and desired value gamma of ignition characteristic BP=integrall-/taudt is judged 
by S41. When BP is smaller than a lower limit (gamma-0.01), it predicts that an ignition stage is 
overdue and the tooth lead angle of the fuel injection timing is earned out by S42. 
[00721 When BP is larger than a upper limit (gamma+0.01), it predicts that an ignition stage carries 
out a tooth lead angle, and the lag of the fuel injection timing is carried out by S43. If a gap of the 
value of BP is in [ from desired value gamma ] a limit (gamma-0.01 <= BP<=gamma +0.01), a 
setting change of fuel injection timing will not be made. And fuel injection in a compression stroke 
is performed by S44. . 
[00731 How to compute T whenever [ cylinder internal temperature ] from the cylinder internal 
pressure P in S36 here is explained. This calculation approach is an approach called combustion 
analysis, and computes whenever [ cylinder internal temperature ] by solving the alliance differential 
equation of the following three equations. 
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[0074] 
[Equation 1] 

The 1st principle of thermodynamics dQ=dU+dw -- (1) 
Equation of state PV=mRT -- (2) 

Internal energy type dU=d (m-Cv-T) -- (3) .... , 

here - Q:mjection heating value, U:intemal energy, W:work, Pxyhnder internal pressure, and V: - 
it is Cv-specific heat at constant volume whenever [ volume, number of nr.mols R:gas constant, and 
Txvlinder internal temperature ]. . - , 

T00751 Bv solving the above three formulas, the polytropic index for every crank angle can be found, 
and whenever [ cylinder internal temperature ] can be predicted with a sufficient precision. It is 
called combustion analysis, this solution method is well-known for this contractor, and smce it also 
requires paper width, it is omitted for details. 

[00761 Moreover, although it can also ask for T based on polytropic change whenever [ cylinder 
internal temperature ], since the inhalation-of-air temperature sensor for acquiring the initial 
temperature TO was needed and fixed polytropic-index n is always assumed among a cycle, precision 
falls a little. Below, the temperature formula by polytropic change is shown. 

[0077] 
[Equation 2] 

HeS thIy^rv!vo\lme^he initial temperature of TO:, the initial volume of V0:, and mpolytropic 
index whenever [ Txylinder internal temperature ]. 

[0078] Next, the 4th operation gestalt is explained. The configuration of the 4th opera ion gestalt is 
die same as drawing 1 R> 1 which shows the configuration of the 1st operation gestalt. The 4th 
operation ge^alUslharacterized by changing the amount of amendments of die foel injection tmnng 
near a compression top dead center when a reaction stage changes beforehand ^according to a target 
Combustion stage. For this reason, in this operation gestalt, the intenoi -of the fuel-injection control 
section 6 is equipped with the map of the target combustion stage BTA according to a service 
conation as shown in drawing 20 and the amount of amendments beta map of fuel injection timing 
according to a combustion stage as shown in drawing 21 . ■ 

T0079] As mentioned above, the robustness of the combustion to the cycle vanation of whenever 
cylinder internal temperature ] changes with combustion stages. The robustness of combusfaon 
falls, so that a combustion stage carries out a lag from a compression top dead center. Therefore 
when a combustion stage carries out a lag, the amount of amendments of the fuel injection timing 
near a compression top dead center when a reaction stage changes beforehand is enlarged. 
Consequently, it cannot be based at a combustion stage but the robustness of combustion can be 

m08 r 0] V Next, the control flow of the 4th operation gestalt is explained with reference to the flow 
chart Jf, Liing22 . The rough flow of control is the same as that of drawing^ which is the flow 

mSfo^Va^ the 1st operation gestalt is explained. The toget combustion stage 

BTA is called in from a map like drawing 20 by S59. If the reaction stage ^ «bdfo«jMjd^ 
by S60 and the reaction stage has carried out the tooth lead angle beforehand (C^CJA-alpha), the 
amount beta of amendments will be calculated from the target combustion stage BT A by S61, and 
only the amount beta of amendments will carry out the lag of the 2nd fue injection timing IT 2 by 
S62 If the reaction stage has carried out the lag beforehand (CT>CTA+alpha), the amount beta of 
amendments will be calculated from the target combustion stage BTA by S63, and only the amount 
beta of amendments will carry out the tooth lead angle of the 2nd fuel injection timing IT 2 by S64 
In CTA-alpha<=CT<=CTA+alpha, adjustment of the 2nd fuel injection timing is not performed, but 
it moves to it S65. And it carries out at the stage which amended the 2nd fuel mjection by S65. 
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*{cir.Dr. *^©^±3fc*ja#©i^«8-fs 

B?IB*!m'««^*!*lliaP*SW> 1 9A><PtC 2 BCC# 
i&aMUAMtcffC^ 2HB©j^i»tf*EEIi±JEj£ 

mmms. 

&*XH*Jtfift*JXtt#£fi*ffi*.. 

llT^»*ififC2BfcjKfrjiBI4^*fTl>. HBO 

M&wfemj: *) i>mn t/ct>s«6«:«: 2 msojmm 
u *mt&mtHBt&n* *> tmn oxmmmho* 2 

imemei ms&kfticmtxmmimmmznm-r 
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[000 1] 
[000 2] 

* <b&CCfWfr#X©ib*llt*;*:# < L-CSSHtMSSS*!*] 
->{btc«KB##*S. 

[0003] C©J:5 ftj^£«fi©Mfb=£rMWft**e> 

s^tk*';->{brsmi5iL/r#Pi^7-7 1279 
* -5 «t *> tc^m&sm a a* est 

20 ft2f?B?4**x>s;:/*Wi%34vC<.>ft. ^il^ffi 
j&fcKJt'* -5 i *B»l}{9lffl*ifiS8{b-e-r{C. J: 9 »; - > ft 

[0004] 

[»9B*«IHfcLJ:9 4-rsiW] Vfrhtttfih. m © 

se3fe{«J-t , «3i^©2^f^i•y•'^ ^^i>^>«fiSi ur^ 

[0005] SB«iWiS«St*^ji8J:b©K»*3ft< 
40 Hfefc 1 @©iffl&©4tTg-?-f ^;Ux>y>-c«. iis<i 

[0006] > -j x sms EM'MmmvwL 

^©MHi ttSttrtJE&Jbff* C d P/d 9 D max*<S 

[000 7] L*>l/ft*i6 t «R*&l388£iIft U/ci©^«: 
50 B. (§frt©EE^. i&a#«<£/cft£l^#4>ft<ftS 



3 

[0 00 8] ^SEGR^«fft>-'fi';l'©m 

iEM±tt&fr z+w&p}-? zct \tmmx$> o /c 

[0 00 9] m2e>m&LffitLX. tmw-7-2 1 7 
4 7 8#&$B&c*S«fc5K: t 1 iMi'.'i4>K:M?4 ; &2@ 

A . ?aatfcfz§©-? tf 9 ;> * . M*4«3-f 

B$8©IWffllfctfT-?-CC»&l>. fi£-3-C. cn*ffi®SB« 

[ooio] *^»*.*.spgs^cffi*fcfe©-c. * 

t CD -C* S rt&t^©j^W8P«K*&i£-?r 5CtT* 
[0011] £fc£#S93©@Wa. EffiSB^^K 

[0012] 

[ wmzw&i? s tc#><D&m ] in*! i sB*£©#few » . 
txm&XMmtzw <o #*TW«cf*3S&t8reic*j ^x . 

[0013] m>m2nffi<D&wix> mmm*m&? 
[0014] m#m3iffi<D&m*. wummzmfc-r 
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4 

«^i»w*mip#®«. i a v 2 aw: mixvm 

mmZft l>. 1 BB©tt^«B4*E»J3&£*>6iift L 
fci$»K:m>. 2llB©&*«3**ffil8±^&fi®«:*T 

r. 2ias©jti!S»!i»fi*)tw«5»4«^«!%«H-r4 

[0015] lf«q|4IBtKDA9i». «&IBiS®£«fcT 
io f9*S2S/cttgS^3sB*8©rti^8IB8©j8S«E 

{C2llCC^Wrjll4i«»t«rm». 1 @S©jBSf4«*te«r 

[0016] if*S5fB«©^tt. iJiBi&s&flSifcf 

Sfcsb. i»*iS3*/c«i«*S4fetS©rtM«M©«SM 

jmmafiw&m^ *)i>mMLx^ zmsic « 2 h s©*& 
[0017] it*«6iBiS©^». wnass^^-r 

5E^*>6aftL,n>5S, iifgBffiffiJ^&tti£©jB!S**« 

30 CtZg^tlrZ. 
[0 0 18] 

[f&W©®*] »*3BliBtg©*^(CJ:n«. ISfrtCC 

KftimMicis^x. wmw3^m-r^>mtim.m^WL 
i. mKtimm^stifimmvtcis^m^ic^^xmx 

mfi^m i> tcmxmm&&cxw&±5L&i&®t<c few •& 

40 *«it?tci«:j:»). «^«S4©llS«cG&*>e> 

[0019] »*3l2IBll©*«W»cJ:ti«. fSrttciS 



(4) 

5 

84£EBffi±?fc±ua®«:fr 5 1 1 i> (c. 1i5iajmb5E.£i2 
J^*ia#©«&f*fi!*«£ fc««*WM««8 *foir * 

> vmtmmt'g&mt* Kit u . «t o 

[0020] IS^3fa4£©*l6BJiC«fcnSi. i«#«2 

;nf K2 BK«-WC«*«M*m». 1 Iia^fcHB&J 

bfc^SJt^KJ&Dr. 2@@©$*4«*«£fcWi& 
fWS#*8i£^irr£J:5K:u/c©r. VAtfr'^v 

[0 0 2 1] »^S4gB*8©*^KJ;ntf> f«*S2 
gfctiiii^ISiBSS©!!^©^^*-^ gEfLk^E* 

■r s <t ^ icwffifmv>wmmm*V£g*iW£ -msmm. 
t,>, i®E<mmmmzmiffimm®<pizn5J:'i! l ci, 30 

[0022] »^5iBfS©*f&l8K:J:tt« > it*^3 

ws&wofiWb \stc^mmmifiW(%.m& 0 i>mn lx 

0fcilftLrc>-S.li^{C«21ia©^i«*fB$W ; &ffliE 40 
l^)«ffliE-r2.§r5£fi ; £^t<-rSC<i:<tL/cfca> > «ft 

[0023] n^m 6 ibis©*^^ <tn«. mum 5 50 



2001-207889 
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[0024] 

m^<omM<omm jut. wm^^x^fm^m 

w©j8*&8KHaiisg£# v >x>s»cc»fli ufcis 1 © 

[0025] ^mm^UK-is^xu, mm^icmcx 
ess s em'jmm t ocst^mm t z*m nj«e 4 & o x 

[0 02 6]@*©i>y>*ftlOfJ, K£W<-hl 
1 . %m#- M 2 . b^h>13, •Ml"*?' 1 4 . 

wm>w? 1 5 . 1 e . &k?7 tfn. 

fSrtaE*-fe>-9"l 8. ^5>^ft-b>lM 94<i^.-Ct,> 

[0027] C©i>i^>*t* 1 0 *ft(|ffll-r Sm^JS) 
$£g («T. ECUiKt) 1». SMB&mciSD-CEE 

fflaa^^^t^.'fe«cji^©^-rn*>©ji!^^:-c 

-j<mmm^c^m<o^mm^m 5 
[0028] ft. e c u 1 oawaasi*. mm'*$-> 

4 . ?£ftWB« 5 . *SSf4«W*llffllSi5 6 K -f + 

- Yammmv&xmmtz ctt>x% *mmm 

[0 02 9] SfcECUlB, ^7>^ftfe>-9"l 9* 1 

m-rs. -e-u-c. c©#attm«:s^#. ^"Stf^g 

16. ^^7^1 7CC^#4SIS„ 

[0 03 0] C©«fc^J?C«fiS©fe<!:. 02 



wzm?i><Dx$>z>. £*SJt* »/->«: orv>< tmm 
tab. nmrniuxwrnm. ^futc^umm^m 
m&ms t h t KzmmitA f l*j -i^mnt 

[0032]-*, £MttZV y^K.LX^< S v 10 

hKfctfa^itAFRtfV ^KJ^&S. Sf-^T. 
£5£KHaW A FLi/-^> itmft&mt A F R TB * 

5tC> SB#*ttl®6ttfc^ttffifflrL*WiK&Lfc 

mttA/FzmtcigimLfc. gi§#.x*s<,>ttEGR# 
x##*ft*®^Kot,>rfei^i£©«ffl£7KU cobs 
iuzmmzwm±mm#xz'&t>ittc \- - * jkz>#x« 

<b«!tf3«S!£G/F 20 
[0 0 3 3] gto-C. 04{CS£3fc^tC:fcW£ffiiigB 

[0034] @5 K.te3mm*mt2vtcm^i<DWi\*im. 
XjRvmmLommmz&nk-r. mm<om&izE.n$±5E 

[ 0 0 3 5 ] ia e ictemmmz&itz vtcmniv z =? > 

*a^fcD©^rtJE:*7^bS$5©£*ffl Cd P/d ma 

^s«p«3m*^<b^©^ffl». Mmmm&EM±tt£. 

IC-otiXmSE&km C d P/d 0 ) max*ifijlgt-r.5„ £ 
^^i3:jl^B#»J*ffiSI±5E^>62ft -T S <!: Wb L 
Tt,»<*>©©. i!ftS#^fct,>ig^cttS4b©*Ig*>«i 40 

[003 6] Cfttt. ^SS©<5T«: J: 0 mfflm!k&t% 

tigt-r * /c*. jesi«iB#«j4aft l xt>%mm&mtLtj: 

*©&*<» CdP/d 0) max*«Tb-C. ffiffiSBt 

50 
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[0 03 7] m&LtcJzllC. (grt©jSS«^SEGR 
^ti>5. S7«:«|giF«9tag*i^{bl,/cJi^©«S^^ 

*&m.utcm-&ict<si,>xi>jf&i&®Bte£mLx\,>z>. 

[003 8] Ct\lC*tLX* 07 (b) J: 5(C. 

*8&B«tlj£jI# Ufcii^Ctt. fSfrtSSJCt^ ■< 

«, wmw&m<DV4 cm* 

[oo39]si <D9mBmmimiz2 rn^^xm 
muxi,>2>. im^zmvz^vixmm-rictK.^', 
x. mufi-nucwm*mttHs. ; 
9ifi$&.t ^©fceniLOTos. i@a<D*Basm 

tmmftiB$mitEM±KgM&&LXist) . c©2@g 
©i&f*»WS£ /c«m?4i!S«^«}*$tJ@I^S c <!: (c J: -> 

[ o o 4 o ] #v v y<mmi*&smiiix.fcx<ibz>tc 

*®i&mfcfocx2®m<DimmMm 

<omm^mifnti><Dxs>K>. fmrnm^^xm^tm 
i%£.t*mcmii$mx7jkLtci>oxi)b&. mtpmmA 

<DMwrx<Dffift&&i&Tm<Dmmmm>-i}i>zRumm 
[0042] ^-rtKDt&sxb i leiBtciawsn/cM^ 

(CcfcO^flH-r*. ccofgirtJI^-fe^m^cD^b*^^ 
«ltB^Sl£;B$«!i*ib««-€»C<!:(Cj:-,r > 

mwmftLx^ntfm2®<Dtmmm&fm*mftu. ? 
mmmmm^mn vx t,>ti«2 [iigcr)«!!s^««B$w*ji 



9 

1 0 0 4 3 ] ft. ^iS*f$IJQPgf56©$(lffll<!: L"C. 2 H 
B©j^i«t*B$J»©Jimctt*.T 2 HgCDjRS^StS© 

moimmmmvmm&f x i> smm <o <omsmmc 
m®-rzc±&xzz>&> ^(Dummt^bjuf^.tb 

[0 044] WC S 19©7n-ft-hS:#lLt* 
U C©fSrtlBfrDg{tKS^T 1 

[0 04 5] H9tc:bl>-c. i^^^^l 0 (JMT, 
afi-sf*f*fflU s l l rx>^>isliragt. fii§r£J?tti 

[0046] jBS^«^^iWK^i«WLA:»^{C 

»;«C**£«KOfc*te«:tt. S 1 4^3t*ffift@E2S 
*»*D1|*W*|»frrS. JW,»r, S 1 5TEE»_fcJ&a 

S 1 6-Cffirt£E^-fe>1^ (0 1 <DW5 1 8 ) rffASb 
Z&m*Z. S 17r*R«»HJ»5jWrtBE#{C«-3 
t»TflM8£«*JHau *Sl6l«BCT*||ctB"r*. 'X 
t»-CS 1 8 7B1 0<D7?^6 2BS<Djtt|BWMKm 
I T 2 *Pf Cti&tr. 

[0047] ^t,»t?s 1 9 v*mjmm<D&m&zwm 
-rs. -rfttoft. si i «;m-r <t ^iv 7 t^&s&o-c 

«5CT<fc*Jt^ur. CT#CTAtc*tL.rji#UTi,> 

[0048] *Kl£B*Jt!CT*JB**KlSB»H 
CTA-a <m«a=l) «fc »> 4*3C»*te«:tt. ¥ 

m&mmft>mp)Lxi,>z<Dv, 320^1. 20s 

©«S^«*fl^»l I T 2 4 I T 2 + 0 iilftTS. 
[0049] ?££I»X1C T*»B*PSrtW«!C T A + 
a (0M.«a=l) J: ?J5lcJ$8! 
ftQIALTk**©-?. 82 1^1. 2@@©jK^iS 
WHS I T2*I T2-0tmnLX^i>. CTA-a 
£CT£CTA + a©i&£«C{i. 2leISiBI*B$»!©g|gE 
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ttfT*>rS2 2"*»*. -tl/C. S2 2t?2|51@©t!Sif4 

[ 0 0 5 0 ] m 1 0 1*. i>i»BlE»RCtt«tCcJ: 4 
*W©2BBJWWW*M I T2©v x > 

»4©a^b^3fee©/ta>©«*t«fiffl36Jm< **©r«» 
jw*awr*. ©^*s^2 <fzz>tcfe^xmumMm& 

10 [ 0 0 5 1 ] m 1 1 tt. 18fSM»CTA©v,y 

[ o o 5 2 ] m i 2 «. sK^frtct z*mm&m(Dm 

T. 0*«6*5*»SJ:5fc» tie&ttfctt'*?. *mm%& 
rteffiies B#^*»^©@ffl*iSlA<tffliJ«:^:ifl«:Jfc«c-c 
20 #-c<,»5. 

[0053] *^9i©^f2©H*6^.«{cot>ritt 
its. H13B. #I^K<*Srtj&t^©jB^J^ 

•s. »2©n*g^si©^!X« t m\^.nkvfdm\<omm 
mmomist mmmx$> at 1 (ommmmtc^ l 

X. WMftl 4RUmimi5<DJVl>-7ZJ 
Rr*^Hfc**:/*-f 5>« r «*2 0*il*Dbri,»SC 

[ 0 0 5 4 ] JH 2 ©XMMtt. ?BE/<Jl.^ jr 5 > if 

30 mn 2 o «c «fc o . oc&&xBmM>Kfr"t 

•3 &*T5Jfi&-e45 0 . SMS BS^*^*© 1 @S©*K*4 

[00551 014 (a) aMa^kmm<DJVV^it 
Jz^s/RW^Vyb* mi 4 (b) ttlBtSB* 
AflMW<DHHm''tA'XflPV. El 4 (c) ItEEMS 

40 [005 6] ffiffiaB«iW68«l^{Ctt. *«Mfe*4»T 

[0 057] SfSyF*s±5EiS«fc 0 ^PC^MtCMO&ft: 
fgfrttcW»5l$n<C36»oft:*8«E»©^*MBBB3n 

50 £EMtcJ:0e(c«atc«c&. C©J:^aciSSiSIE©#H 



XL 

[0058] 015 iCW 1 mbBt&<Dm££.&fMA 

jtfturc^. s/c« lESfcjRwsnfc^w&fti, 

[0 0 5 9]fiEr>T> ^Sl&©^aB#*|^6 2Hacr)igS 

®msm%i3mm&& *)> mi mmzmictt^x ecu 
jGat^owRRo* 2 ®&<Dtmmm micowmtmm. 
[ o o 6 o ] */c. i MBtcmttztitcmvfi&mux 

9tmc-c$>z>. 

[006 1 ] iwc. iii3©j£ife^!g{coi>rt893t-.2> <> 
fS 3 <DH^JH©«fi£« > S 1 (c^ 1/ /c0 1 ©ih&^js 

<Dm&ttmm-c$>z 0 m3<Dmmm^it. iv-jf^ 
<Dvmmm*i&t\sx, sm±M^M&icn^. tit 
mmmmmmommt. Em±5Z£MiSitx<Dt$f*iKt> 

[0062] m39m&i&xtt;. fmz-micmm-rz 
fc*>. mm&m.micrj:*)m(,mfazm-r. ®.->x, mm 
ftmzmicmn-rz'jim&ik k> mmmm*mBt& < mm 

i o o 6 3 ] m 1 6 icm i mmB&vmtHLEfmA m 

©it^m-r. mzmtmmxte. Em±^Mi&xm 
pmtt&tft>tiz&x. m^icnim^^tcii). ^jss 
imcbKiK se-p-c. m immm&<»& ^ wb&m 

> mmxisiftEjj-k >y 1 8 w&m otcmpj&Mcm 
xm^mm^mu. cv^mztitcmA.ftmicfccx 

[ 0 0 6 4 ] 0 1 7 ^gf&tCfcttSiagf. JEfrtC** 

f * # v >®£«©#*jiw$ra % vm.®. i/xZm 
•r. #iAcsnB#ra©ji*» i / r t, l 

[0065] &tcm 1 7*K:tt. ffiffi?fScf{C*JW4M 

AjiftB$Rg©i«sc i /zimmux. mtfticKjj&v 
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mBi^o-r. 1/T^fl/tSl/rdt ( = B 

[0 06 6] RP*EE!BMteira*>&. ***>^y>^ 
ISPS (AT) -dartE^^taL. C©K;*jK:ic;Dfcfi 

fi*#faiu cnevE^s^sfi^eEii 7©-7^7'^ 

MUl/tS*«>S. -e^T. BP = J 1/Td 

io t, mztctez c < i/t) xat) tm'Xi"<-)\> 

[0067] 018IJ, &? : ?>$>P}lCtoV? > BP = J 

i/tdtt, ^e^^-r. a <Dm.nv>vm*%Mv$m 
\Ticmi>x. tgfrtsa*iiaTi/fcB-c«BP©fii^{g 
<%oTt^. «for> cvvtmxmisv i Txmmm 

[0 06 8] ctucnox. BPom^mnmmmmm 
ffi<Dmzmimm< l c*si,>xmM<D$)m.i'<<)i>t l c»isxi,> 

20 &mTm*<om.M®im i T^ata b/cti^^ctc^-r. 

^MAifi^TVX. m&£X<DJgJfcBm&&<ti:-z>tc 

[0069]^tC t mi 9©7n-ft- hZ&ML 
lilHi-C&S. H 1 MUniillicMB, S 3 5JKT© 

mMZM^motc&ozmxitzm. b p <omm t. . ^©«»f 

[0 070] S3 5-Cf§FrtEE^-fe>^fci:f)<gfrtlS7P 

4^ffi-rs. s se-c^-r^jr^tc. e^ff^p^^ 

tgfF*3SST*»tB-rS. ^t»-C. S3 7-cefF<gJE^PS 
tffSrtSKT*^, 1 7 ©*£fc-v y 

•C#i^inB#ra T©i£& 1 /t4*S)5. S 3 8 
fg&B P = J 1 /% d t trgtffi-r 5. S 3 9 -C#^Jgi6: 
©W»fB#»!*>S!iP'Sr«»rL> Sfd*iJ»rB#»ir!?cwn«. 
S 3 5 (CK^T*^c}g»B P©aj?*^W4. 

40 [0071] *ijBr^»!-c*n«. s 4 o xwm.<omm 
amm i T^^otjitf. s 4 1 r#^g©[B p = $ i / 

rd t©e£-5-©S^fit T <i:©-r4i**iJ»r-r5. BP*i 

rmm (r-o. on jco^sc^js^kk. m-xmm 
vrntizt^mo. s 4 2 ris^!|54i®»B$«!Srii^-r€». 

[0 07 2] BPrtUiUffl (t + 0. 0 1) iO^I," 
®^«Ctt t ^^*5jlftTS<b^SiJL, S4 3-C&& 

mM*m*mft?z>. BP©«i©-r<a*iss«ir*>?>i® 

SF«9 (r-0. 0UBP^T + 0. 0 1 ) TNfetxtf. 
«S*4«»^»!©i9^^Mtt?Tto>&:(,»„ ^t/-CS4 4-CJE 
50 ^fS*©«m««*tf^. 
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[007 3] CCT, S3 6{C*$W-5>fgfF*9£E^P*>6fgi. * £®tf}-;£1l5££fl?< C Lie &~>XWmfflg.*W\U l -?x > . 

tou&TzniHTzyfmci^-a&wrz. c©^ai^r [0074] 

$i;fr^©0iaJW dQ=dU+dW "(1) 



PV=mRT 
dU=d (m 
W : {±*. 



10 



20 



CCT. Q : SA&fi. U : MUx**^. 
P : 131*311*. V : m : *;l<&. R 

t : tgfrtaa. c v : m®tmv$>z. 

[0 07 5] ULL©35££fl?< C itCfc-oT. 
WJW*Cim4. t©8¥£t**^««<b0ftf: 

ft. *!a»fc£o"c&»rc*»). «s«fcsr*©-c»ai 

T = T0x (VO/V) * (n-1 ) 
CCT. T : fSrtfiS. V : T 0 : WMUBL. V 
0 : Vmm%> n : #'J h n-THKre**. 

[0078] 04 ©iiii0««:-p«,>-csiwr-s. 

fc«£®. E*gJ^j£tf£©j&?4«Stl^©*iMES£g 

[0079] mf^ufc^^tc mpm&<o-y-49M7 
r*. «s«i«w*sffi»±5E*>6ii«-r*e. mm© a 

j^i««i$j8©tiiEs**#<-f.s. ^©*s». *^b# 

[0080]^(C, 02 2©7D-?t- h?r#ML' 
[0 08 1 3 01 ^tt»«4SAj:49f©*SiWr*. S 

5 9 -csmammm b t a « 0 2 0 ©«& v,^ 

S6 0^KC&98!CT**WrU 
j£^»#iifcLr«,»ft« (CT<CTA-a> . S6 1 
tttiE«i8«B«lttW»BBTA*»6*«>. S6 2"C2 
@HiW«BM«OTIT2*MiE«££WiIfrrS. 
f£^Jt8*ijlftLrt>ft« (CT>CTA+a) . S6 3 
■C«E«/3*a«jltt»^HBTA*»6*«>. S6 4t?2 

MB^mmmnm 1 t 2*wiE«0aH*jt»-j-4. c t 

A-a£CT£CTA + a©»£CC«. 2 1I@i®!WK3f»§ 
©PHI»|fft-rS6 5^4. ■eut, S65-C21S 
©&#"!8»£ffiiEl,/cB$»!K:fT9. 50 



30 



- (2) 
C v • T) - (3) 

* [007 6] *fcttrt«fltT*jj« y h Ci-TSfbfCS'? 

©#y t-u-7imnz<5Moxi,>z>itit>. nmtm=p 

[0077] 
[»2] 

... (4 ) 
[SB©jBf*ftBiW] 

[a i ] *^{c^srt^«s»fl©jss*jg$ij«§isig©0 1 © 
^lfijg«8©t(teRH-c*s. 

[02] jMS*frK»-r*««/-J*->*8ii!ar*H"C 

a*. 

[03] ea*^££ffiH ; Sr^-r'50-C*.5. 

[04] m^ffio&mBEMxmmmmmzsiw?- 

S0r*S. 

[05] jBS^ffl{C^*i8S«jS»*KMrS0-C* 
S. 
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